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备了结核分枝杆菌的 TPP（otsB2/ Rv3372）蛋白。远紫外 CD 光谱实验表明 TPP
的二级结构由 54.92% α-helix、8.61% β-sheet 和 36.47% coil 构成，且结构稳定性
较低（Cm = 2.099 ± 0.134 M）。ITC 实验发现，在 Mg
2+存在下，TPP 可以与底物
6-磷酸海藻糖以摩尔比 1:1 发生中等相互作用（Kd = 39.52 ± 1.78 µM）。因为尚未
得到 TPP 蛋白或片段的晶体，我们通过软件 I-TASSER 模拟了 TPP 的三维结构。
TPP 蛋白由水解酶结构域、帽型结构域和 N 端结构域组成。此外，一个 Mg2+通
过与 Asp147、Asp149、Asp330 成键，存在于结构模型中。进一步利用 MOE 软
件的 Simulations/Dock 工具进行分子对接，结果表明水解酶结构域与帽形结构域
表面形成的空腔即为 TPP 与 Mg2+及 6-磷酸海藻糖作用的配体结合口袋。Asp149、
Gly186、Arg187、Arg291、Glu295 可能是 TPP 结合底物的关键氨基酸。通过基
因定点突变，我们验证了这七个残基都是 TPP 结合 Mg2+或 6-磷酸海藻糖的关键
位点。本部分为进一步研究 TPP 的结构、功能及相关的药物开发奠定了基础。 






















Trehalose-6-phosphate phosphatase (TPP) is an enzyme essential for the growth 
of mycobacteria, which has been identified to be a target for potential antituberculosis 
drug. In the present work, we expressed the recombinant TPP protein from 
Mycobacterium tuberculosis (otsB2/ Rv3372). Far-UV CD experiments indicated that 
the secondary structure of TPP was composed of 54.92% α-helix, 8.61% β-sheet and 
36.47% coli, with a lower structural stability (Cm = 2.099 ± 0.134 M). Ligand binding 
assay by ITC demonstrated that the recombinant TPP protein could bind with 
trehalose-6-P in the presence of Mg2+ (Kd = 39.52 ± 1.78 µM) with a molar ratio of 
1:1. As we have not obtained the crystal of either the whole TPP protein or the 
fragments of the TPP protein, we modeled the 3D structure of TPP by I-TASSER, 
which indicates that the TPP protein was composed of a hydrolase domain, a cap 
domain and an N-terminal domain. In addition, there was an Mg2+ in the model, 
coordinated by three conserved residues, Asp147, Asp149 and Asp330. Flexible 
docking was further conducted by using the Simulations/Dock module of the MOE 
software. The binding pocket of TPP for both trehalose-6-P and Mg2+ was determined, 
which was located on the interface between the hydrolase and the cap domains. 
Residues including Asp149, Gly186, Arg187, Arg291, Glu295, were identified to be 
the key residues for TPP binding with trehalose-6-P. All the seven crucial residues 
binding with trehalose-6-P or Mg2+ were further verified by site-directed mutagenesis. 
This work may lay the basis for further structural and functional studies of TPP and 
development of TPP- related vaccine. 


























分枝状排列的原核微生物，长 1～4 µm，宽 0.5 µm，形态稍弯曲，常有分枝倾向。
结核分枝杆菌为专性需氧菌，营养要求很高，且生长缓慢，繁殖一代需要 15～


























































































磷酸海藻糖磷酸酶（trehalose phosphate phosphatase (TPP)，OtsB）的作用下脱去
磷酸基团，生成终产物海藻糖。第二条合成途径是将糖原转化为海藻糖的
TreY-TreZ通路，首先，麦芽糖寡聚海藻糖合成酶(TreY) 催化低聚麦芽糖的还原
端重排，由α- 1, 4-连接变成α- 1, 1-连接；然后在低聚麦芽糖基海藻糖水解酶TreZ
的催化下释放出游离的二糖——海藻糖。第三条合成途径是由海藻糖合成酶TreS
催化麦芽糖分子内重排，由α- 1, 4-糖苷键转变成α- 1, 1-糖苷键连接的海藻糖[23]。 
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